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[57] ABSTRACT

A plurality of fluid-operated rams, e.g., for positioning
the rolls of a sheet-metal bending machine, are each
actuated by a respective servovalve and are each con-
nected to a respective potentiometer whose output re-
sistance varies in accordance with the position of the
ram. The rams are grouped in pairs and one potenti-
ometer of each pair is energized with positive voltage,
the other with negative voltage so that a combined sig-
nal can be produced indicating the relative positions
of the two rams of the pair. The combined signal rep-
resenting the position deviation 1s fed to two separate
amplifiers where it is combined with voltages of oppo-
site polarity and then fed to the servovalves of the pair
of rams. Thus the one servovalve is closed partially 1f
its ram advances on the other ram. Similarly a plural-
ity of such rams can be interconnected with all but at
most two rams from two different pairs so that all ram
positions will be equahzed. |

6 Claims, 3 Drawing Figures
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METHOD OF AND APPARATUS FOR
SYNCHRONIZING A PLURALITY OF
FLUID-OPERATED RAMS

FIELD OF THE INVENTION

The present invention relates to a method of and an
apparatus for synchronizing hydraulic or pneumatlc
rams.

BACKGROUND OF THE INVENTION

It often happens that several hydraulic or pneumatic
rams should have synchronized movements, 1.e., that
their positions should be the same or should be stag-
gered by the same value at any instant. This is particu-
larly the case with rams which move the cyhnders of
machines for bending sheet metal. |
" To achieve very accurate synchronization, i1t has
been found inadequate to control the rams identically,
for example by coupling them in parallel or by connect-
ing them by bars which, although rigid, undergo twist-
ing in operation. It is necessary to provide a control
systemn provided with a regulator capable of comparing
the positions of the rams at any Instant.

OBJECTS OF THE INVENTION

It 1s therefore an object of the present mventlon to
provide an improved method of and apparatus for syn-
chronizing a plurdllty of flu1d-0perated rams.

Another object is the provision of an 1mpr0vecl hy-
draulic or pneumatic system where the various rams
are automatically synchronized.

SUMMARY OF THE INVENTION

These objects are attained in a system according to
the present invention having at least two rams each
operated by a servovalve in turn controlled by an am-
plifier and capable of opening to a greater or lesser
extent or of closing according to the level of its input
which is equal to the algebraic sum of a reference con-
trol signal for controlling the displacement of the rams
and of at least one correction or deviation signal ob-
tained at the output of a comparator and representing
the difference in position of the two rams, a difference
which is detected by position detectors associated with
each ram.

The servovalves in accordance with this invention
open partially, or completely or even close in order to
keep the rams in the same position or staggered by the
same distance at any instant. The smallest difference
detected causes a corrective action which is, for exam-
ple, proportional to this difference. |

According to a feature of the invention, the various
signals fed to and generated by the comparators are all
electrical analog (continuous) signals, the opening of
the servovalves being controlled by a voltage generated
by the corresponding amplifier which receives a signal
const:tutmg the algebraic sum of two control signals
coming from a branch of the circuit controlled by a
switch, and the other a correction signal coming from
the output of at least one comparator and constituting
the algebraic sum of signals generated by two position
detectors connected to the respective comparator.

According to a partlcular feature of this method, the
rams are grouped in pairs and the position detectors of
two rams of each pair are energized, one with a positive
voltage or current and the other with a negative current
or voltage. The sum of the voltages received at the
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2

outputs of the detectors is compared with a zero refer-
ence voltdge or current by the comparator associated
with the pair of rams 1n question, this zero voltage or
current constituting a control point.

- At the output of this comparator one receives a posi-
tive or negative voltage according to whether one of
the rams is in an advanced position with respect to the
other. A zero output corres[mnds to the positions being
identical.

The detectors of the two rams of each pair may also
be energized one with a positive voltage and the other
with a negative voltage and the sum of the voltage
received at the output of the detectors 1s compared
with a reference signal which is not zero by the compar-
ator associated with the pair of rams in question. This
reference value which is not zero is representative of a
staggering of position of the two rams. Its sign corre-
sponds to the desired direction of stagger. The synchro-
nization thus consists of keeping this stagger constant.
Advantageously, this stagger may be controlled by
means of a potentiometer.

In the case where at least two pairs of rams are pro-
vided, the synchronization is carried out by compdring
two rams of the same pair and two_separate palrs of

rams.
Thus, for four rams grouped in two pdll‘S the two
rams of each pair are synchmm?ed by the above-men-

tioned method and the two pairs are compared by com-

paring two rams, one from each pair, by means of an
additional comparator providing a correction magni-
tude fed to the input of the two amplifiers controlling
the servovalves corresponding to the rams of the pair in
question.

Ttis advantdgeous to gwe the additional comparators
a greater gain than the gain of the comparators of each
pair, for example a double gain, in order that the action
of an additional comparator is never canceled by that
of a comparator associated with two rams of the same
pair.

According to another feature of the invention, the
rams are not associated in pairs, their number being
either even or odd. In this case, the rams are compared
in a chain or loop by means of comparators of the same
gain each associated with two rams and which each
send a correction signal to the input of the two amplifi-

ers controliing the servovalves corresponding to the

two compared rams. In a loop each position signal i1s
fed to two separate comparators whereas in a chain the
position signals of two end cylinders are each only fed

to a single comparator.

According to a further feature of this invention the
position detector of each branch of the chain or loop 1s
constituted by a variable resistor incorporated in a
resistance bridge connected to the input of an amplifier
whose output signal, depending on the value of the
variable resistor, is sent to the comparator or to the two
comparators associated with the ram in question.

In this case electrical outputs are not compared, but
the comparison i1s made between values of resistances.
The comparators act in the same manner on the servo-
valves as described above.

- Advantageously, an adjustable resistor 1s connected
in series with the variable resistor of each detector to
make 1t easy to stagger two rams. The stagger may thus
be chosen freely for each ram, which is not possible 1n
the case where the rams are connected in pairs. This
solution makes 1t possible, for example, to incline the
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line joining the ends of three rams to form cones in
machines for bending metal sheets.

According to another feature of the invention, the
connection between each amplifier and the corre-
sponding servovalves is made by two electric leads
connected in parallel and each provided with a diode
such that only currents of opposed direction may pass
therethrough and with a signal controlled by the action
on the switch controlling the rams. Either of these two
leads is energized according to the direction of move-
ment of the rams, the reversal of this direction of move-
ment being directed by the reversal of the control cur-
rents supplied by the direction switch. In this way, the
rams are perfectly synchronized in both directions of
movement, for example moving up and down.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects, features, and advan-
tages will become more readily apparent from the fol-
lowing description, reference being made to the ac-
companying drawing tn which:

FIG. 1 is a schematic diagram of an electrical circuit
used in a chain configuration with four rams grouped In

two pdlr‘;
FIG. 2 is a simplified schematic diagram of an electri-

cal circuit used with three rams connected in a loop;

and |
FIG. 3 is a schematic of a detail of the circuit of FIG.

2 and in particular shows how two of the three rams are
compared with each other.

SPECIFIC DESCRIPTION

in FIG. 1, four rams A, B, C, D are connectable
through lines 35 to a pump 23 or reservoir 24 by servo-
valves 2a, 2h, 2¢, and 2d respectively, as described in
chapter 11 of Servomechanism Practice by Ahrendt and
Savant (McGraw Hill: 1960). Each of these valves 1s
controlled through a respective solenoid 2a’, 2b', 2¢’,
and 2d' by an amplifier, 3a, 3b, 3¢, and 34, respectively.

Associated with the rams A, B, C, D are position detec-

tors 4a, 4b, 4c and 4d respectwely
The rams are connected in pairs and the method of

synchronization is the same for all pairs. The following
description refers to the pair including rams A and B, as
an example, and also applies to the pair including rams
B and C, and C and D.

The position detectors 4a and 4b of the rams A and B
are fed with signals having voltage levels regulated to a
millivolt, one of which is positive (ram A) and the other
negative (ram B).

At any instant, an adder circuit 5 forms the algebraic
sum of signals generated by the two detectors 4a and
4b. This algebraic sum is compared with a reference
value by a comparator 6 whose gain is 8 to produce a
deviation signal proportional to the difference between
the positions of the two rams A and B, with reference to
a signal fed to its other input through an input resistor
8 from a potentiometer 7.

At its output, the comparator 6 produces a positive
or negative signal depending on the relative pesntlens of
the rams A and B. Thus, if the potentiometer 7 1s set to
deliver a zero potential, and if a negative signal is fed to
the input of the comparator 6 a positive s:gnal will
~ appear at its output.

In this case, a negative signal at the output of the
comparator 6 indicates that the ram A has risen further
than the ram B and a posttive signal indicates that the

ram B has risen further than the ram A. No signal indi-
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cates that the two rams A and B are in the desired
relative positions.

Two circuit branches 9a and 95 mdke it possible to
send this so-called correction or deviation signal to the
inputs of amplifiers 3¢ and 3b. The signals in these
branches 9a and 96 are added to control signals in the
branches 10a and 106 in which are connected ganged
switches 11a and 115. |

The signals in the branches 10z and 105 are of oppo-
site polarity for example positive for the ram A and
negative for the ram B, in the case of the ascent of the
rams and positive for the ram B and negative for the
ram A in the case of the descent of the rams.. A pair of
ganged SPDT switches 34 serve to connect the control-
signal circuits 10a and 10c to a positive source and
circuits 10b and 10d to a negative source, and vice

VCI'Sd.

 The connection between each ampllﬁer and the cor-
responding servovalve is made by two parallel conduc-
tors 12a and 13a for the ram A, 12b and 13b for the
ram B and so on. Connected in each of these conduc-
tors is a diode 14a, 15a — 14d, 15d and a switch 16a,
17a — 16d, 17d. Each of the diodes of each pair, 14a
and 15a, 14b and 15b, 14¢ and 15¢, and 144 and 15d
has its polarity opposite to that of the other. The
switches 164 and 17a - l6d and 17d are ganged with
the switches 34.

The servovalves 2a — 24 are controlled by a positive
or negative D.C. voltage, for example a maximum of +5
volts for the ascent and —35 volts tor the deseent or vice
versa. S | *

To bring about the ascent of the rams A and B the
switches 11a and 115 are closed. At the same time, the

contacts 17a and 164 close, so that the valve 2a is

supplied with negative voltage only and the valve 2b
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with positive voltage only.

If the ram A has risen further than the ram B, there is
a positive voltage at the input of the comparator 6 and
a negative voltage at its output, which opposes the
positive signal applied to the input of the comparator
3a subsequent to the closure of the contact 1 la by the
switch 34.

A slight difference in position of the two rams A and

B decreases the voltage applied to the amplifier 3a,

which causes the partial closure of the valve 2a,
whereas the valve 2b continues to be activated nor-
mally. When the two rams have substantially reached
the same level, the valve 2a opens fully and synchroni-
zation is thus achieved.

To drop the rams A and B the switches 34 are actu-
ated and the switches 11a and 115 are closed so that

the voltages in the branches 10a and 105 have their

polarities reversed with respect to the ascent direction.
At the same time, the switches 16a and 17b close such
that the valve 2a can only be fed a positive voltage and

‘the valve 2b a negative voltage.

If the ram A descends more quickly than the ram B,

a negative voltage is applied to the input of the compar-

ator 6 and a positive voltage appears at its output to
oppose the negative voltage applied to the input of the
comparator 3a subsequent to the closure of the contact
11a. | |
A slight position difference lessens the voltage ap-
plied to the amplifier 34, causing the partial closure of
the valve 2a.

There are still two other posmblhtles not deqcrlbed
above: if the ram A ascends less quickly than the ram B,



3,968,730

S

the valve 2b is closed: and if the ram A descends less

quickly than the ram B, the valve 2b also closes.

In order to compare the four rams so as to synchro-
nize them the two pairs of rams A-B and C-D are
synchronized independently by the above-described
method and the rams of the two pairs are compared by
the intermediary of the pair of rams B—C which com-
prise a ram of each pair. This comparison takes pldce
by means of an additional comparator 18, having a gain
equal to 2 B, i.e., double the gain 8 of the comparator
6 of the comparator 19 associated with the position
detectors 4¢ and 4d. The additional comparator 18 is
connected between the position detectors 45 and 4c
and the amplifiers 36 and 3¢ in the same way as the
comparators 6 and 19.

Switches 200 and 20¢ connected in the branches 215
and 21c coming from the additional comparator 18 and
respectively leading to the amplifiers 3b and 3¢, make it
possible to disconnect the two groups of rams A-B and
C-D from each other, so as to be able to synchronize
the rams of each group independently if desired.

The double gain of the comparator 18 ts provided so
that a small difference between the rams B and C suc-
ceeds in lessening the voltages at the outputs of the
amplifiers 3b or 3¢, despite possible contrary effects of
the comparators 6 and 19. An example will make it
easier to understand the operation of the arrangement.

If the ram A is blocked in the working position by a
strong force with the valve 2a open, the valve 26 closes
under the action of the synchronization device belong-
ing to the rams A and B. It will be noted that since they
have no force to overcome, the rams C and D continue
to rise.

The comparison of the positions of the rams B and C
takes place by means of the additional comparator 18.
Since the ram C has risen further than the ram B, a
negative voltage is created by the output of the com-
parator 18. This voltage has the effect of closing the
valve 2¢. Due to its double gain, this regulator is twice
as sensitive as the devices belonging to each group of
two rams. |

Since the valve 2c¢ is closed, only the ram D continues
to rise slightly, until the comparator 19 supplies a posi-
tive output voltage sufficient to close the valve 24.

With a method of this type, the difference in position
between the ram A and the ram D may be made less
than 0.1 mm as a result of a judicious choice of the
gains of the amphﬁers used.

For three pairs of rams, or even more, 1t 18 necessary
to provide additional comparators similar to the com-
parator 18. The method thus consists of comparing the
posnmns of two separate pairs of rams in as many pairs
is necessary, by the 1ntermedlary of pairs of rams
chosen from two separate pairs. The additional com-
parators provide a correction factor which is applied to
the inputs of the two amplifiers controlling the servo-
valves corresponding to the rams of the paxr In ques-
tion.

The rams A B, C and D may thus be synchromzed
while retaining a certain stagger, for example as regards
their relative heights. It is thus possible to obtain a
stagger of the same valve between the rams A and B, on
the one hand and the rams C and D on the other hand,
the rams B and C remaining lower than the rams A and
D. - |

To achieve this, the potentiometer 7 is set to feed a
reference voltage to the comparator 6 at a potential
which is not zero, but positive and the similar potenti-
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6

ometer 22 of the comparator 19 at a negative potential
of ab%olutely the same value.
It is possible to program the upwards or downwards

stoppage of each group of rams by means of an external

indicator device.
In FIG. 2, the three rams are designated by E, F, G.

Their supply devices, the servovalves 2e, 2f, 2g respec-

tively, and the amplifiers 3e, 3f, 3g respectively, are
similar to those previously described for the rams A, B,
C and D. This second arrangement differs in the con-
struction of the position detectors 4¢, 4f, 4g and in the
connection of the three comparators 25, 26 and 27.

The detectors 4e, 4f and 4g, shown in detail in FIG. 3,
are each constituted by a linear variable resistance 28
as shown on page 50 of Servomechanism Practice by
Ahrendt and Savant (McGraw-Hill: 1960), incorpo-
rated in a resistance bridge 28, 29, 30, 31. The bridge
is energized at diagonal corners and the opposite diago-
nal comers are connected to a linear amplifier 32
whose output is a voltage proportional to the value of
the variable resistance 28.

The compamon of positions of the three rams E F,G
takes place in a loop, the three comparators 25, 26, and
27 have the same gain and are each connected to a
different pair of rams. The comparator 25 receives
signals from the rams E and F, the comparator 26 re-
ceives signals from the rams F and G, and the compara-
tor 27 receives signals from the rams E and G. Each
comparator sends a correction signal to the inputs of
the two amplifiers controlling. the servovalves corre-
sponding to the two compared rams. Thus, the compar-
ator 25 acts on the amplifiers 3e and 3f, the comparator
26 acts on the amplifiers 3f and 3g and the compdmtor
27 acts on the amplifiers 3¢ and 3g.

This loop arrangement may be replaced by a chain
connection, which is not closed on itself. The loop
connection 1s generally more accurate.

An adjustable resistance 33 is connected In series -
with the variable resistance 28 in each of the position
detectors. For staggering two rams, one need only reset
the variable resistance 28 by a certain fixed value by
means of the adjustable resistance 33.

For more than three rams, the comparison of the
rams is undertaken in twos, thus describing a loop. The
method may be applied to any number of rams, either
even or odd.

The invention relates partlcularly to rams of ma-
chines for bending metal sheets. In these machines,
cylinders must be displaced vertically while remaining
strictly parallel to a certain direction, either horizontal
or inclined. Each cylinder is displaced by two rams or
more. The possibility of staggering the rams according
to the method described above makes it possible to
incline a cylinder for shaping cones. In this respect, the
second embodiment of the method corresponding to
FIGS. 2 and 3 is advantageous since it makes it possible
to incline the-line joining the ends of three Or more
rams. |

Naturally, the invention is not llmlted to the embodi-
ments described above. For example in the preceding
examples positive and negative voltages are used simul-
taneously, but it is possible to control all the servo-
valves by voltages of the same polarity, positive for the
ascent and negative for the descent or vice versa.
Moreover, any voltage may be used for controlling the
servovalves, and is not limited to +5 or —5 volts as
described in the examples. For controlling valves hav-
ing an operation voltage greater than 12 volts, and a
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consumption greater than 25 mA, it is advantageous to
use a transnstorlzed arrangement. |
I claim: |
1. A method of synchronmng at least three rams
each controlled by a respective servovalve said 5
method comprising the steps of: -

generating a respective analog position signal . for
cach of said rams corre%pondlng to the position

thereof;

algebraically combmmg the posmon s:gnal for a first (0 i

of said rams with the position signal for a second of
‘sald rams and comparing the resulting combination

with a reference signal to produce a first primary
analog deviation signal and operating the first ram
therewith;

8

for comparing ‘the resulting combination with a
reference signal to produce a first analog primary

deviation signal and operating the first ram there-
with through the respective servovalve;

-second circuit means for algebraically combmmg the
- position signal for the second ram with the position

~signal for a third of said rams, and a second com-
parator connected to said second circuit means for

- . comparing the resulting combination with a refer-

ence signal to produce a second primary analog
~deviation signal and operating the third ram there-

with through the respective servovalve and
thll‘d circuit means for algebraically combining said

primary deviation signals and a third comparator

connected to said third circuit means for compar-

algebraleallv combining the position SIgnal for the '° ~ ing the resulting combination with a reference sig-
second ram with the’ pOblthH signal for a third of  nal to produce a secondary analog deviation signal
| said rams and comparing the resulting combination and operating said second ram therew1th through
with a reference signal to produce a second pri- the respective servovalve. | |
mary analog deviation signal and operatlng the 5. An apparatus for synchronmng at least four rams
third ram therewith; and 20 each controlled by a respeetwe servovalve, said appa-
algebraically combmmg the primary deviation signals ratus comprising: | -

- and comparing the resulting combination with a at least four posatlon sensmg means each connected
- reference signal to produce an analog secondary ~ to a'respective ram for generating an analog signal
deviation signal and operatlng said second ram - representing the position of the respective ram;

therewith. . - 25 - first circuit means for algebraically combining the

- 2. A method of synchronizing at least four rams each
controlled -by a respective servovalve, said method
comprising the steps of: ~. |

generating a respective analog position signal for

- each of said rams corresponding to the position 30

thereof; - |

algebraically combmmg the poSItlon signal for a first
of said rams with the position signal for a second of
said rams and comparing the resulting combination
with a reference signal to produce a first primary 35
-analog deviation signal and operating the first ram
therewith;

'algebralcally combmlng the posmon signal for the
second ram with the position signal for a third of
said rams and comparing the resulting combination
with a reference signal to produce a second pri-
mary analog deviation SIgnal and operatlng the

~ third ram therewith;

algebraically combining said primary deviation signal
and comparing the resulting combination with a
reference signal to produce an ‘analog secondary 45
deviation signal and operating sald second ram
therewith; and | - -

algebraically combining the position signal for the
fourth of said rams with the position signal for the
third ram and comparing the resulting combination 50
with a reference signal to produce another analog
primary deviation signal and operating said fourth
ram therewith while also feeding same to said third
ram for the Operatlon thereof. |

40

3. The method defined in claim 2 wherem all of said 55

primary deviation signals are amplified, said method
comprising the step of amplifying the second primary
deviation signal to a greater extent than the other pl‘l-—
mary deviation signals. |

4. An apparatus for synchronizing at least three rams
each controlled by a respective servovalve said appara-
tus comprising: |

60

- position signal for the first of said rams with the
posttion signal for.the second of said rams, and a
first comparator connected to said first circuit
means for comparing the resulting combination
with a reference signal to produce a first analog

- primary deviation signal operating the first ram

through the respective servovalve;
second circuit means for algebralcally combining the
position signal for the second ram with the position

signal for a third of said rams, and a second com-

- parator connected to said second circuit means for

comparing the resulting combination with a refer-
ence signal to produce a seécond primary deviation
sngnal operating the third ram through the respec—
tive servovalve;
third circuit means for algebraically eomblnmg said
primary deviation signals, and a third comparator
connected to said third circuit means for compar-
ing the resulting combination with a reference sig-
-nal and producing a secondary deviation 31gna1
-operating said second ram through the respective

servovalve;

- fourth circuit means for algebraically combining the

position signal for the third ram with the position
signal for the fourth of said rams, and a further
“comparator connected to said fourth circuit means
for comparing the resulting combination with a
reference signal to produce a third primary devia-
tion signal operating the fourth ram through the
respective servovalve; and

means for feeding said thlrd primary devnatlon 51gnal

- to.said third ram for operatlng same in part there-

~with, each of said position-sensing means generat-
ing direct-current voltage signals, said position
signals for said first and third rams being of one
polarity and the position signal for sald second ram
being of the opposite polarity.

6. The apparatus defined in claim 5, further compris-

 at least three posmon-sensmg means each connected

to a respective ram for generating an analog signal
‘representing the position of the respective ram;

first circuit means for algebraically combining the

“position signal for a first of said rams with the posi-

tion signal for a second of said rams, and a first

- comparator connected to said first circuit means

65

ing amplifying means for amplifying each of said devia-
tion signals prior to using same for operation of the
respective servovalves, said ampllfymg means for the
deviation signal formed of the position signals for said
second and third rams havmg a hlgher gain than the

other dmphﬁer means.
¥ * k0 %k *
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